IEA effectiveness is a developing field of academic literature without strong precedents. The interdisciplinary nature of many of these studies leads to additional misunderstandings and disagreements. Although communication between separate academic fields is often riddled with language differences and specialized techniques, there must be transparency of methodology and rationale for an effective exchange of ideas. As an added complication in the process of understanding the true impact of IEAs, the limited nature of the studies currently published makes policy generalizations difficult.
If the international community is to continue utilizing IEAs, conclusive and broad research analysis should inform these decisions.
Background
Significant research on all aspects of IEA behavior has been conducted on a treaty-by-treaty basis, as well as examined in broad strokes by experts on the subject. Skjaerseth (1992) , Bernauer and Moser (1996) , Wettestad (1997) , Murdoch et al. (2003) , Ringquist and Kostadinova (2005) and Lagring et al. (2012) are widely recognized as premier case studies that discuss a range of IEA steps, from formation to compliance. Mitchell (2003) , Young (2011) , Böhmelt and Pilster (2010) , Ward (2006) , and Helm and Sprinz (2000) are strong surveys that evaluate international environmental treaties overall and specific aspects of the research to date. Mitchell (2003) uses his own extensive database, the International Environmental Agreement Database Project, to evaluate factors of agreement success. Through qualitative analysis, his paper defines the parameters of an IEA, addresses causality of nation participation, and clearly illustrates the varied success of these agreements. In his conclusion, Mitchell remarks that IEA effectiveness is partially determined by participant countries' characteristics, the environmental problem in question, and the international context of the formation. Similarly, we believe that simple trend analysis which ignores these features when determining effectiveness may be flawed. Our paper builds upon Mitchell's work by directly investigating the research process and focusing on analysis method specifically. Young's (2011) impression of the effectiveness of international environmental regimes is one of "cautious optimism." His study covers a collection of well-conducted articles and advocates for further research into effectiveness. In the paper, Young discusses methods of evaluation and espouses the virtues of a diversified approach for discerning the true success of IEAs. We further this sentiment, and in the following examination provide a synthesis of quantitative studies complementary to Andresen and Wettestad (2001) who evaluate qualitative approaches to IEA effectiveness analysis. As such, our review focuses on description and examination of currently employed empirical methodology.
Method
In order to conduct a thorough and comprehensive literature review of published and working papers discussing IEA effectiveness, this study examined over a hundred studies. However, in the interest of productive comparison, only those that incorporate an empirical analysis of IEA effectiveness are found in this paper. Consequently, only fifteen studies satisfy the mentioned criterion and warrant inclusion.
These included studies are separated by the type of analysis used: multiple regression methods and those that use some form of trend analysis, simple or modified.
Multiple regression methods estimate the dependent environmental variable on IEArelated variables and additional explanatory variables in the model, whereas trend analysis essentially tracks the environmental variable over time. The benefit of including additional explanatory variables lies in the ability to obtain ceteris paribus (all else constant) results, and in doing so better evaluate the true effect of the IEA.
For all studies, we summarize the IEA title, empirical approach, targeted environmental variable, analysis sample and findings. Treaty effectiveness for most included studies is defined as an improvement in the IEA-targeted environmental variable (e.g. reduction in emissions). To facilitate future empirical work, we also summarize the IEA-related variables and the non-IEA variables included in the multiple regression analyses.
Review of empirical studies
Surprisingly few studies empirically assess IEA effectiveness. Fifteen studies, published and working, have at least some empirical component determining whether IEA had an effect on the environmentally detrimental activity they are designed to limit. 
Multiple regression studies
The multiple regression studies find evidence of IEA effectiveness only 
Multiple regression methods
Of the eight multiple regression analyses described in Table 2 four employ spatial econometric methods. Murdoch et al. (1997) , Murdoch et al. (2003) and Naughton (2010) use the spatial lag model, while Maddison (2006) uses the spatial mixed model (including both a spatial lag and a spatial error in the estimation equation). The more general spatial mixed model estimates the environmental variable, Y, as the following function:
where WY is the spatial lag term with the corresponding coefficient, ρ , and where Wu is the spatial error term with its coefficient, λ (Anselin 1988) . The spatial lag is included in these models to allow for strategic interactions across countries. The spatial error term controls for unobserved heterogeneity. Omitting a relevant spatial error from the model results in inefficient coefficient estimation. More seriously, omitting a relevant spatial lag can cause bias.
The ordinary least squares model (Y = Xβ + u ) assumes that both ρ and λ equal zero, that there is no spatial lag or error. In these models X is a matrix of control variables, β is the vector of coefficients and u represents the error term. The OLS, fixed effects and random trend models sequentially estimated by Ringquist and Kostadinova (2005) The difference-in-difference framework of Aakvik and Tjøtta (2010) and Bratberg et al. (2005) identifies the treatment effect of IEA participation for member nations. This method is promising as it separates IEA members from non-members and in doing so recognizes the inherent differences between the groups. The results isolate the effect of joining an IEA, rather than focusing on differences between countries that chose to join the IEA and those that did not.
IEA effectiveness driven by longer-term effects
While the particular multiple-regression method does not seem to drive the results of the study, it does seem that studies focusing on short-term time-series effects are less likely to find IEA effects. For example, the inclusion of random trends beyond the fixed effects removes the IEA effects from Ringquist and Kostadinova's (2005) empirical model. Similarly, in the difference-in-difference settings, Aakvik and Tjøtta (2010) lose the IEA effects for Helsinki and Sofia Protocols by first differencing the data and focusing on short-term variation. This is in comparison to the other difference-indifference study by Bratberg et al. (2005) , who do not first difference the data but find a statistically significant Sofia Protocol effect.
Only two of the six multiple regression analyses related to the 1985 Helsinki Protocol find a statistically significant IEA effect (Murdoch et al. 1997; Maddison 2006) .
While these studies use the change in emissions as the dependent variable, the analyses are performed on one time period for a cross-section of countries. As a result, the findings of IEA impact are largely driven by cross-sectional variation. This confirms the notion that studies focusing on longer-term cross-sectional variation tend to find IEA effects. When evaluated, the successor of the Helsinki Protocol, the 1994 Oslo Protocol, is found to be ineffective by two multiple regression studies. This could be caused by the short period of time in which the IEA had been in place at the time of analysis.
Three of the four multiple regression studies evaluating the 1988 Sofia Protocol present evidence of the Protocol's effectiveness in curbing NO X emissions. The one exception is the cross-sectional spatial econometric study with a sample size of 25 (Murdoch et al. 1997 ). The small sample size is likely causing the statistically insignificant coefficient on the Sofia Protocol ratification variable in this study. Contrary to Murdoch et al. (1997) , our literature review suggests that the Sofia Protocol may have been effective at reducing NO X emissions.
Variable selection
Given the limited scope of existing studies, we believe this area of literature would greatly benefit from additional research. To facilitate further work, Table 3 summarizes the variables that have been included in the country-level multiple regression studies, denoted with S1-S7 in Table 2 .
The seven studies summarized in Table 3 use different approaches to identify IEA effect. The most common approach is through an IEA dummy variable (binary variable) to indicate membership. For the Helsinki Protocol, targets varied by country and two studies include these individualized targets in determining IEA effect. Two studies include an IEA-participation trend. Finally, the difference-in-difference studies estimate the IEA treatment effect.
In order to obtain ceteris paribus (all else constant) IEA effects, the multiple regression studies also include other non-IEA explanatory variables, summarized at the bottom of Table 3 . All studies use different functional forms of GDP or GNP. Six of the seven studies include other countries' emissions deposits and four models control for the endogeneity of these variables using spatial econometrics. Four of the studies also include 'own emissions deposit' coefficient as a control variable. Three studies include a freedom index, the marginal cost of emissions reduction and a dummy for countries classified as transitional economics. The remaining variables listed in Table 3 are included in two or fewer of the studies, but should be considered depending on the particular IEA evaluated.
In contrast to the studies described in Table 3 , Kellenberg and Levinson (2011) use country-pair level data for bilateral trade. This study includes variables that control for the importing country and the exporting country characteristics, as well as country pair characteristics. Since they use the gravity model, these control variables are mostly related to trade.
Non-multiple regression studies
Non-multiple regression studies are categorized into trend analyses and other analyses. Trend analyses evaluate observed changes in an environmental variable over time, whereas the modified trend analyses compare environmental measures to either past projected measures or numerically modeled Nash Equilibrium values.
Trend analyses
Trend analyses focus on trends in the environmental variables related to the IEA in question. This type of analysis ignores factors other than treaty participation when evaluating effectiveness. As such, the results of trend analyses do not provide the ceteris paribus effects estimated by multiple regression analysis. This is a concerning aspect of these analyses. In these studies, it is likely that the multiple regression analysis was not feasible and in the interest of providing IEA-related quantitative information to a larger audience trend analysis was the best option.
Despite evaluating five different IEAs, all five of the trend analyses in Table 4 find the IEAs successful. While it is encouraging to find IEA success, it is possible factors other than the IEA could be driving these results. Unfortunately, it is clear that sample limitations would prevent a full multiple regression approach to these studies.
Two of the five studies assess aggregate environmental change (waste or oil pollution).
One study has data on two countries, another has information on three and one is limited to five countries. None of these samples would be able to offer much in a multiple regression setting. Given the limited scope of IEA effectiveness analysis, the trend analyses aid in understanding, but are less convincing than the evaluations using full panel datasets of relevant countries pre and post IEA.
Modified trend analyses
The final two studies that empirically evaluate treaty effectiveness do not fall into either the multiple regression or the simple trend analyses groups. The approaches in these studies differ from each other as well. Levy (1993) compliance issues because its targets were so close to the Nash equilibrium.
Although Finus and Tjøtta's (2003) approach is similar to Sandler (1997a, 1997b) and Wagner (2009) , the latter studies do not explicitly address compliance or effectiveness. These studies evaluate whether IEA targets were set at a level countries would have achieved voluntarily in the absence of the IEA, but they do not formally evaluate whether these targets were met. Therefore, we do not include Sandler (1997a, 1997b) and Wagner (2009) 
Conclusion
In search of empirical studies evaluating the effectiveness of international environmental agreements, this research evaluated more than a hundred studies. After careful evaluation of these studies, we summarize and analyze the fifteen that contain an empirical analysis of IEAs. More than half of these studies focus on the Helsinki, Oslo and Sofia Protocols to the Convention on Long-range Transboundary Air Pollution. In addition to these studies, only six other IEAs have been empirically evaluated. Given that more than 1,700 IEAs exist across the globe and are being coded in the International Environmental Agreement Database, empirical analysis of IEA effectiveness is a promising area for future research.
Past analyses are somewhat constrained by limited data availability. We find that not only has the literature focused on estimating IEA effects on SO 2 and NO X emissions, but also that the geographic focus is typically on Europe. As more and better data continue to become available, the literature should grow in at least three ways. First, there
should be an observed expansion of IEAs evaluated. Second, geographic focus should broaden from the European countries. Third, increased data coverage across countries and time should improve the available methods for identifying IEA effects.
Even if the number of studies included in this paper is not large, there are a few conclusions we can draw from existing studies. First, while we find evidence that Sofia and Oslo Protocols are ineffective at reducing sulphur emissions, there is empirical evidence of Sofia Protocol effectiveness at reducing NO X emissions. Second, the studies that focus on very short-term changes in the environmental variable are typically unable to find IEA effects. This is likely due to economic systems not being able to adjust their production processes and the consequential emissions very quickly. Third, multiple regression methods that capture the ceteris paribus (all else constant) IEA effects seem more convincing than the trend analyses.
We hope the information and analysis contained in this paper will lead to further studies on IEA effectiveness. As noted by the scarcity of studies found, this area of 1992-1998, 2000-2003, 2007-2010 Total number of oil slicks, total polluted surface & total polluted volume Evidence that each of these IEAs improved water pollution in the North Sea. 
